INTRODUCTION
Polyclonal and monoclonal antibodies to the haemagglutinin (HA) of influenza A and B viruses have been used previously to quantify the degree of antigenic variation in field viruses circulating internationally and in single countries (Six et al., 1981 ; Kendal et al., 1979; Webster et al., 1979; Nakajima et al., 1981 ; Pereira & Chakraverty, 1982; Lu Bao-Lan et al., 1983) . It is now clearly established that although in widespread epidemics caused by influenza viruses a single antigenic phenotype may predominate, nevertheless, other viruses of the same antigenic subtype but antigenically distinguishable may also be isolated and constitute a low proportion of virus isolates. However, because of the possibility of introduction of new and different antigenic variants during the progress of the epidemic from other areas and communities it has not been possible to deduce if antigenically different viruses co-exist or whether variants arise at different times from a parental strain or are re-introduced (Lu Bao-Lan et al., 1983) . Additional phenotypic variation may be expressed within field isolates of a single antigenic subtype in temperature-sensitive properties (Kung et al., 1978; Oxford et al., 1980; Chu Chi-Ming et al., 1982) , plaque morphology and electrophoretic mobilities of structural and non-structural polypeptides or tryptic peptides (Laver & Downie, 1976; Brand et al., 1977; Dimmock et al., 1980; Oxford et al., 1981 ; Ritchey et al., 1977; Hugentobler et al., 1981) but the same qualifications described above are also relevant here. Much less is known about genetic and phenotypic variation among influenza A and B viruses in more geographically circumscribed epidemics, although antigenic and biochemical differences can be detected even amongst influenza viruses isolated in single town outbreaks (Hugentobler et al., 1981 ; Webster & Berton, 1981) . However, in the latter epidemiological situation, if antigenic or biochemical heterogeneity is detected among isolates it is not possible to distinguish if this occurred during the outbreak or whether new viruses were introduced during the outbreak. Moreover, very 0022-1317/83/0000-5798 $02.00 © 1983 SGM varied selective immunological pressures will be exerted in such a heterogeneous population of all age groups. This paper describes studies on the genetic and antigenic characteristics of viruses isolated during single outbreaks in three boarding schools. Such school communities represent a relatively homogeneous collection of susceptible persons with experimentally established levels of anti-influenza antibody and with reduced opportunities for the introduction of new viruses once an outbreak has commenced. Within a given school, antigenic variants of influenza B virus were detected but the similarity of the biochemical properties of the viruses suggested that these antigenic differences were generated within the outbreak. Antigenic and biochemical analysis of viruses from the three separate outbreaks established clear differences between the sets of viruses.
METHODS Virus isolation procedures. Throat swab material from boys with clinically diagnosed influenza was inoculated onto baboon kidney or MDCK cells in medium containing 2 ~tg/ml trypsin and the cells were incubated for 3 to 14 days at 35 °C. Cell cultures positive for HA or haemadsorption were frozen at -70 °C and passaged once or twice in the allantoic cavity of embryonated hens' eggs. In order to avoid arbitrary selection of a single plaque as representative of a possibly heterogeneous virus population, clinical specimens were not plaque-purified. Only infected egg aUantoic fluids were used for serological investigations unless otherwise stated since we have recently described antigenic differences between influenza B viruses cultivated in MDCK cells or in eggs (Schild et al., 1983) .
School A (Christ's Hospital, Horsham, U.K.), from which the majority of viruses were isolated, is a boarding school for some 800 boys aged between 11 and 18 years (Hoskins et al., 1979) . 786 boys were in school at the time of the outbreak. The school is entirely contained within its own grounds on a site approximately 2 miles from the nearest town. An outbreak of influenza caused by influenza B virus occurred at the school during February and March 1982. There were 182 cases of clinical influenza including 21 for which there was no laboratory evidence of infection with influenza viruses. The 161 cases, confirmed by either virus isolation or serology, occurred between 1 st February and 3rd March and 81 influenza B viruses were isolated. A total of 53 viruses were studied, 51 from clinical cases and two from boys without symptoms.
School B (St Edmund's, Guildford, U.K.) is a boys' boarding school with 190 pupils aged between 7 and 13 years. School C (Rugby, Rugby, U.K.) is a residential school with 650 pupils aged between 13 and 18 years and is situated in the town itself. Both schools experienced outbreaks of influenza B at approximately the same time as school A. Six viruses were isolated at school B and two viruses at school C. Influenza B viruses from sporadic clinical cases in the U.K. were provided by Dr M. S. Pereira, Public Health Laboratory Service, Colindale, and in Japan by Dr K. Nerome, National Institute of Health, Tokyo.
Monoclonal and polyclonal antibodies and haemagglutination inhibition (HI') tests. Monoclonal antibodies against the HA of B/Oregon/5/80 virus were prepared using standard procedures (K6hler & Milstein, 1975; Lu Bao-Lan et al., 1983) . In brief, mice were immunized twice with purified influenza B virus and spleen cells removed 4 days after the second booster dose of antigen, which was given intravenously. Antibody was prepared as mouse ascitic fluids and used for the HI tests after overnight treatment at 37 °C with 4 vol. of receptor-destroying enzyme (Phillips-Duphar, Holland) to remove any non-specific inhibitors. The micro-HI test with 96-well Linbro plates was used and the challenge dose of virus was carefully standardized by repeat titration to 8 HA units. In each experiment B/Oregon/5/80 virus was included as a control and the reproducibility of HI titres was established by experiment. HI titres of 1/100 to 1/400 (i.e. less than 5 to 10~o of the homologous HI titres) were not found to be reproducible and were therefore designated as negative. Polyclonal antisera were prepared against 12 of the influenza B viruses by infecting pairs of individually housed adult ferrets intranasally with diluted aUantoic fluid and exsanguinating the animals 10 days later.
Analysis of influenza B virus-induced polypeptides. Vero cells were infected with allantoic fluid suspensions of influenza virus to give a multiplicity of infection of approximately 10 p.f.u./cell. After 18 h incubation at 35 °C in serum and methionine-free Gey's medium the cells in a 6 cm diam. Petri dish were pulsed for 20 min with 20 l.tCi/ dish of [3 sS]methionine (sp. act. approx. 1040 Ci/mmol; Amersham International) in 0-2 ml Gey's medium. The cells were then washed and lysed with 0.15 ml/dish of a mixture of 2 ~o (v/v) 2-mercaptoethanol in 0.02 M-Tris-HCI buffer pH 6.8, and heated at 100 °C for 2 min. Ten i~l volumes were layered onto slab gels measuring 17 × 33 x 0.1 cm and having 0.66 ~ bisacrylamide concentration, and electrophoresed at room temperature for 16 to 18 h at 14 mA (constant current). The running buffer contained twice the normal concentration of reagents (Laemmli, 1970) . For comparison of the electrophoretic migration rates of polypeptides of different influenza viruses, at least three gels of various concentrations of polyacrylamide (20~o, 15~o and 17-8~o) were examined.
Analysis of virion RNA by electrophoresis in single-dimensional polyacrylamide gels. RNA was extracted from concentrated and purified virus (10 mg/ml protein) using phenol-SDS at 56 °C by conventional techniques (Palese & Schulman, 1976) . Electrophoresis of RNA was carried out using 2.6 and 3.0~ polyacrylamide gels with Loening's buffer. Approximately 10 ~tg of RNA was applied to each channel and electrophoresis was carried out at room temperature at 22 mA for 18 h. After electrophoresis, the gel was immersed in 10 vol. of ethidium bromide (4 gg/ml) for 10 rain at 4 °C and RNA bands were visualized by fluorescence under u.v. light.
RESULTS

Antigenic analysis of influenza B viruses from school A
Twelve monoclonal antibodies prepared against the HA of influenza B/Oregon/5/80 (Lu BaoLan et al., 1983) were used to analyse in detail the antigenic composition of 53 viruses isolated during the single epidemic in school A. The viruses could be divided into 13 unique antigenic groupings. The number of virus isolates in each antigenic group varied from 1 to 16 (groups I to XIII of Table 1 ) but over half the isolates fell into two of the groups (III and IV).
When the viruses were arranged according to the day of isolation, it was apparent that among the viruses isolated on the first day were representatives of six of the antigenic groupings (Table  2 ) and significant differences in HI titre were noted when certain viruses recovered on the same day were reacted with the same monoclonal antibody. Thus, isolate B/Eng/137/82 (group IX) reacted with monoclonal antibody 113 to a relatively high titre (3200) but the same monoclonal antibody failed to react (HI titre < 50) with virus isolate B/Eng/138/82 (group V) recovered on the same day. Most antigenic groups were detected sporadically during the course of the epidemic but viruses of groups III and IV were isolated throughout the outbreak and constituted approximately half of the isolates. There was evidence that antigenic variants changed in their relative prevalence throughout the outbreak. Indeed, of the 16 viruses isolated during the first 3 days, nine groups were represented and four of the groups were also isolated |0 days later.
Antigenic analysis of influenza B viruses from other schools and jrom the general community in the U.K. and Japan
We wished to determine whether the antigenic heterogeneity detected above was only characteristic of the single epidemic in school A or whether similar viruses could be isolated in concurrent outbreaks in the general community in the U.K., in other schools and internationally. A group of six influenza viruses from a similar epidemic in school B was analysed using the same panel of monoclonal antibodies (Table 1) . These viruses were also antigenically heterogeneous and, moreover, formed four different serological groupings distinguishable from the viruses isolated at school A (groups XIV to XVII). Also, the two isolates from school C formed a separate group (data not shown).
A group of ten influenza B viruses isolated from the general community in the U.K. and nine viruses from the community in Japan, where an extensive epidemic was also in progress, were analysed to determine whether representatives of the XVII antigenic groupings described above in schools A and B were detectable (Table 1 ). These two collections of influenza B viruses also formed serologically heterogeneous groups. Six of the ten U.K. isolates were unique in their serological reactions but the remaining four isolates were serologically closely related to certain of the school viruses (e.g. groups I,. II and III). Eight of the nine isolates from Japan were similar or identical to the U.K. school isolates.
Serological identity of cloned virus isolates and laboratory-passaged viruses
Experiments were carried out to control the possibility that antigenic variation in the HA of viruses from school A had occurred at random during laboratory manipulation and therefore had no relevance to the epidemiology of the actual school outbreaks. Seventy clones derived from individual plaques of a single virus (isolate B/Eng/238/82) and also 80 individual allantoic fluids from embryonated hens' eggs infected with high or low multiplicities of a second virus (B/ Eng/172/82) were analysed serologically. 148 of the 150 clones were identical antigenically, and the remaining two individual clonal isolates showed only a low degree of serological variation with a single monoclonal antibody. A proportion of isolates were examined serologically at the first tissue culture passage and before passage in eggs. Passage of field viruses in eggs can result 
Serological analysis of HA of influenza B viruses isolated in school and community epidemics, using monoclonal antibodies
No Table i for designation of antigenic groupings using monoclonal antibodies.
in strong selective pressures (Schild et al., 1983) . These viruses were also antigenically heterogeneous (data not shown).
In further experiments, four viruses were passaged serially at various dilutions in eggs and analysed at each of three passage levels using the panel of monoclonal antibodies for antigenic identity. No evidence of a change in serological reactivity of the HA was detected. Four viruses from school A were re-isolated at different times from the original throat swab material in embryonated hens' eggs and analysed serologically and an identical antigenic reactivity with the 12 monoclones was noted for these viruses. Finally, influenza B viruses isolated in Japan and characterized using a panel of monoclonal antibodies in another laboratory (R. G. Webster) were independently cultivated and analysed serologically with identical results.
Serological differentiation of influenza B viruses from schools, using polyclonal antisera
Antigenic differences between the HA of virus isolates detected using polyclonal, postinfection ferret and chick sera form the basis for the analysis of antigenic drift in influenza viruses (for review, see Schild & Dowdle, 1975) . We wished to determine whether the antigenic differences detected above with monoclonal antibodies would also be detected by polyclonal antibodies and therefore would be expected to be of epidemiological significance. A proportion (33) of the viruses were analysed serologically using 24 post-infection ferret sera prepared against 12 viruses isolated from the schools. Representative data are shown in Table 3 . Only four of the 24 polyclonal sera were able to detect significant antigenic differences between the viruses. Thus, a polyclonal antiserum (F10) prepared against B/Eng/143/82 from school B reacted in the HI test with other viruses isolated from the same, school B but failed to react with viruses isolated at school A. Another polyclonal antiserum (F12) distinguished serologically between viruses isolated within school A, whilst a third antiserum (F6) reacted serologically with all viruses from school A and also with viruses from school B and hence exhibited a broadly reactive serological specificity. Thus, although the HI titres with polyclonal antiserum and the school viruses were relatively low, unlike the high HI titres exhibited by the monoclonal antibodies, nevertheless, certain of the polyclonal sera could detect qualitative antigenic differences among the HAs of the viruses either isolated in different schools or within a single school. 
Biochemical analysis of influenza B viruses isolated from different schools
Previous analysis of virus polypeptides and RNAs of field isolates of influenza B viruses isolated from different communities using single dimension, high resolution polyacrylamide gel techniques have demonstrated a marked degree of heterogeneity among most gene products and genes of the viruses (Hugentobler et al., 1981) . We wished to determine whether viruses isolated in different schools could be distinguished and also if viruses with differing biochemical properties were present during influenza outbreaks in single school communities. A total of 90 influenza B viruses from the three separate schools, and different communities in the U.K. and Japan were examined. Viruses from schools A, B and C could be distinguished by a different electrophoretic mobility of the N S 1 polypeptide (Fig. 1) . Thus, the N S 1 polypeptide of the three viruses (B/Eng/323/82, B/Eng/324/82 and B/Eng/319/82) from school A migrated rapidly and could be distinguished from the corresponding NS1 polypeptide of the two representative viruses from school C which migrated as a doublet and also from the NS 1 polypeptide of isolates from school B. In contrast, detailed examination of electrophoretic profiles of polypeptides M, NP, NS1 and NS2 of 53 viruses from school A (data not shown) showed the viruses to be identical, with the exception of a single virus (B/Eng/230/82) with a mobility difference in NP polypeptide and two viruses with differences in NS1 polypeptide (B/Eng/230/82 and B/Eng/ 292/82).
Influenza B viruses isolated from random cases of influenza in the community in the U.K. and Japan showed electrophoretic differences in NP, HA and NS1 polypeptides (data not shown), confirming earlier data with viruses isolated in previous years (Hugentobler et al., 1981) .
Comparison of the electrophoretic characteristics of influenza virus RNA has been used as a sensitive marker of genetic differences among groups of closely related influenza viruses (Palese & Schulman, 1976; Sriram et al., 1980; Hugentobler et al., 1981) . The RNAs of representative viruses of the different antigenic groupings from the three schools were compared (Fig. 2) . Markedly different electrophoretic migration characteristics were noted for the majority of genes for viruses isolated in the three different schools but viruses from the same school were related and showed few differences. Thus, RNAs 1, 2, 3 and6 migrated differently for B/Eng/ 163/82 virus isolated at school C, compared to three representative viruses from school A and three viruses of school B (Fig. 2a) . Viruses from school B were characterized by a co-migration of genes 4, 5 and 6, while viruses from school A could be distinguished uniquely by the slowly migrating gene 7 and by the migration characteristics of gene 6. Re-analysis of RNA of virus isolates using higher percentage acrylamide gels (Fig. 2b) HA, haemagglutinin; NP, nucleoprotein; NS1, non-structural polypeptide no. 1 migrating as a doublet as described previously ; M, matrix protein, migrating as a doublet or triplet as described previously (Hugentobler et al., 1981) . Virusinfected Vero cells were pulse-labelled at 18 h post-infection with [35S]methionine and cell lysates analysed using a 20 ~ polyacrylamide gel and discontinuous buffer systems (Laemmli, 1970; . Virus-induced polypeptides were identified by comparison of polypeptides in virus-infected cells with control non-infected cells and by co-migration of known molecular weight markers and purified influenza virus proteins as described previously .
the electrophoretic mobilities of genes 1, 2, 3, 4, 5, 6 and 7 were very similar or identical. Differentiation of electrophoretic characteristics of gene 8 was not possible because it is poorly resolved in the gels. Genetic variation may occur during laboratory passage of influenza virus, as demonstrated by Brand & Palese (1980) . However, we do not consider this provides an explanation of the above data for the following reasons. In experiments to control the possibility of laboratory induction of mutants we analysed the antigenic characteristics of multiple clones of single viruses, independent virus re-isolates from throat swabs and multiple clones from virus passaged in the laboratory with no evidence of significant antigenic change. Moreover, biochemical analysis of polypeptides of 53 viruses from school A only detected three viruses with changes in electrophoretic properties of NP or NS1 polypeptides which could be attributed to the results of random mutation (De Jong et al., 1978) . Finally, antigenically and biochemically quite distinct influenza B viruses were isolated in the three different schools and this would not be anticipated if random laboratory-induced mutations reached a significant level. As regards the second hypothesis, if new viruses were introduced into the school during the outbreak from outside, then a distinct change in prevalence of antigenic varieties of virus would be detected during the evolution of the epidemic. In fact a more or less random distribution of antigenic variants with time was noted and most viruses (such as those in groups II, III and IV) were present throughout the outbreak. No evidence of introduction of new viruses was detected when viruses of school A were examined biochemically by analysis of polypeptides and virion RNAs. Rather, the viruses of an individual school formed a biochemically closely related group, distinguishable from viruses in the community or viruses from the other two schools. Moreover, the geographically isolated boarding school A was particularly suitable for quantitative studies on the degree of genetic and antigenic variation among influenza viruses in a single outbreak because of the considerably reduced opportunity of new viruses entering the community after an epidemic had commenced. Therefore, the clonal expansion hypothesis (no. iv) would appear to coincide with the serological, biochemical and epidemiological data most exactly with an additional but minor degree of sporadic mutation occurring.
Antigenic variants of influenza B viruses have been shown to co-exist in cloned virus populations in the laboratory at a frequency of approx. 1 in 107 parental virus particles (Lubeck et al., 1980; Webster & Berton, 1981 ; J. S. Oxford, unpublished data) and could presumably be present in a single individual during acute influenza infection, perhaps to a much higher degree depending on the immune status of the person. It is possible that the outbreak in school A was initiated from an individual with two dominant populations of viruses (antigenic groups III and IV) and that these two viruses co-existed and caused infections throughout the outbreak. Further minority subpopulations of virions with different antigenic characteristics were possibly selected and emerged in individuals with differing immune status. This explanation would simultaneously concur with current concepts of genetic heterogeneity even in cloned RNA virus RNA was extracted from purified virions using phenol-SDS and electrophoresed using 2-6~ or 3-0~ polyacrylamide gels. RNA bands were visualized using ethidium bromide (see Methods). The gels have been over-run to accentuate migration differences between genes 1, 2 and 3 and therefore gene 8 is poorly resolved. Genes 1 to 8 code for polypeptides P2 or P3, P1, P3 or P2, NP, HA, NA, M and NS1 respectively (RacanieUo & Palese, 1979; Ueda et al., 1978) . The split band 7 noted in Fig. 2(b) , lane 1 is assumed to be artefactual.
populations (Holland et al., 1982) and the limited antibody repertoire to influenza HA in children and young adults (Yewdell et al., 1979; Natali et al., 1981; Haaheim, 1980), thus potentially allowing new antigenic variants, even with a mutation change in a single epitope, to escape neutralization and to spread. Biochemical analysis indicated that the virus isolates were relatively homogeneous as regards electrophoretic properties of virus polypeptides or RNAs within each of the two schools and yet differed between the schools, further suggesting that the influenza outbreaks were self-contained and independent.
There is a tacit assumption that limited outbreaks of influenza in a community may be associated with a single antigenic variant. This is clearly not the case and the present finding of antigenic heterogeneity even in limited epidemics would have implications for the understanding of influenza virus epidemiology and vaccine efficacy. Furthermore, these differences may not be related only to immunological properties of the viruses but also to biological properties such as virulence. Studies are in progress to analyse previous and more recent outbreaks of influenza A (H3N2 or H1N1) infection in the same schools and marked antigenic heterogeneity has been detected among those viruses also (J. S. Oxford, G. C. Schild, J. Smith & H. Abbo, unpublished data). It will be of considerable importance in future studies to analyse viruses from clinical cases of varying severity and from persons with no clinical signs of influenza and hence to investigate any association of particular antigenic groupings or genetically defined viruses with biological characteristics of virulence or attenuation.
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